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(57) ABSTRACT

An image forming apparatus includes a plurality of photore-
ceptor drums, a plurality of developing devices, a plurality of
polishing members, an endless intermediate transfer compo-
nent, a primary transfer unit, a secondary transfer unit, a
secondary transfer unit, a development refresh unit, and a
photoreceptor refresh unit. The photoreceptor refresh unit is
configured such that, in executing the photoreceptor-refresh
control process, if the development refresh unit detects a
toner-deteriorated developing device, the circumferential sur-
face of the deteriorated photoreceptor drum is polished, by
the polishing member provided for the deteriorated photore-
ceptor drum, using the polishing-agent contained in the toner
discharged from the toner-deteriorated developing device by
the development refresh unit executing the development-re-
fresh control process.

2 Claims, 6 Drawing Sheets
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1
IMAGE FORMING APPARATUS HAVING A
PHOTORECEPTOR REFRESH UNIT TO
DETECT A DETERIORATED
PHOTORECEPTOR DRUM AND PERFORM A
PHOTORECEPTOR-REFRESH CONTROL
PROCESS

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon, and claims the benefit of
priority from, corresponding Japanese Patent Application No.
2013-179582, filed in the Japan Patent Office on Aug. 30,
2013, the entire contents of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

Unless otherwise indicated herein, the description in this
section is not prior art to the claims in this application and is
not admitted to be prior art by inclusion in this section.

There is known a full-color image forming apparatus of a
tandem engine with a plurality of photoreceptor drums. A
plurality of the photoreceptor drums are arranged along an
intermediate transfer belt. Each photoreceptor drum is pro-
vided with a charger, a developing apparatus, a transfer appa-
ratus, a cleaning apparatus with a rubbing roller, and a similar
apparatus at a peripheral area. The charger causes a circum-
ference surface of the photoreceptor drum to be charged by a
discharge operation. Irradiating light from an exposure appa-
ratus forms an electrostatic latent image at the circumference
surface of the photoreceptor drum charged by the charger.
The developing apparatus develops the electrostatic latent
image formed at the circumference surface of the photore-
ceptor drum as a toner image. The transfer apparatus transfers
the toner on the developed photoreceptor drum to a target
transfer member. A blade or a similar tool of the cleaning
apparatus scrapes off toner remaining on the photoreceptor
drum that has not been transferred. By rotation of the rubbing
roller in contact with the circumference surface of the photo-
receptor drum, the toner that has not been transferred polishes
the circumference surfaces of the respective photoreceptor
drums. Thus, the rubbing roller shaves off a foreign object
such as corona products adhered to the circumference surface
of the photoreceptor drum.

The developing apparatus supplies (transfers) toner to the
circumference surface of the photoreceptor drum requiring
polishing by the rubbing roller among the plurality of photo-
receptor drums. The toner contains a polishing-agent. Inter-
action of the polishing-agent and the rubbing roller polishes
the circumference surface of the photoreceptor drum. The
developing apparatus arranged at the peripheral area of the
photoreceptor drum usually supplies toner to the circumfer-
ence surface of the photoreceptor drum. Besides, for
example, the developing apparatus located at an uppermost
stream in a conveyance direction of an intermediate transfer
belt among a plurality of developing apparatuses may supply
toner to the photoreceptor drum requiring polishing. In this
case, the intermediate transfer belt is used as a toner supply
unit.

The image forming apparatus of tandem engine includes
respective developing apparatuses accumulating toners with
respective different colors. Among them, since the develop-
ing apparatus accumulates a toner with color of low usage
frequency (printing rate) over a long period of time, deterio-
ration of such toner proceeds faster than other toners by
stirring in the developing apparatus or a similar operation.
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The deteriorated toner will be one cause of image quality
deterioration of a printed image. Accordingly, a typical image
forming apparatus performs a development refresh control to
forcibly discharge deteriorated toner in the developing appa-
ratus when an image is not formed.

SUMMARY OF THE INVENTION

An image forming apparatus according to the disclosure
includes a plurality of photoreceptor drums, a plurality of
developing devices, a plurality of polishing members, an
endless intermediate transfer component, a primary transfer
unit, a secondary transfer unit, a secondary transfer unit, a
development refresh unit, and a photoreceptor refresh unit.
The plurality of photoreceptor drums each have a circumfer-
ential surface for a formation of an electrostatic latent image.
The plurality of developing devices are provided for each of
the plurality of photoreceptor drums. The plurality of devel-
oping devices are configured to cause polishing-agent con-
taining toner to adhere to the circumferential surfaces of the
photoreceptor drums to form toner images corresponding to
the electrostatic latent images. The plurality of polishing
members are provided for each of the plurality of photore-
ceptor drums. The plurality of polishing members are config-
ured to polish the circumferential surfaces of the photorecep-
tor drums using the polishing-agent contained in the toner. On
the endless intermediate transfer component, the toner
images on the circumferential surfaces of the photoreceptor
drums are transferred. The primary transfer unit is configured
to the transfer toner images on the circumferential surfaces of
the photoreceptor drums onto the intermediate transfer com-
ponent. The secondary transfer unit is configured to transfer
onto a recording medium the toner images transferred onto
the intermediate transfer component. The development
refresh unit is configured to detect, among the plurality of
developing devices, a toner-deteriorated developing device in
which deteriorated toner exceeds a predetermined propor-
tion, and is configured to perform a development-refresh
control process whereby toner from the detected toner-dete-
riorated developing device is discharged and the discharged
toner is passed onto the circumferential surface of the photo-
receptor drum corresponding to the toner-deteriorated devel-
oping device. The photoreceptor refresh unit is configured to
detect, among the plurality of photoreceptor drums, a dete-
riorated photoreceptor drum requiring polishing by the pol-
ishing member, and is configured to perform a photoreceptor-
refresh control process whereby the circumferential surface
of the detected deteriorated photoreceptor drum is polished
by the polishing member provided for the deteriorated pho-
toreceptor drum. The photoreceptor refresh unit is configured
such that, in executing the photoreceptor-refresh control pro-
cess, if the development refresh unit detects a toner-deterio-
rated developing device, the circumferential surface of the
deteriorated photoreceptor drum is polished, by the polishing
member provided for the deteriorated photoreceptor drum,
using the polishing-agent contained in the toner discharged
from the toner-deteriorated developing device by the devel-
opment refresh unit executing the development-refresh con-
trol process.

These as well as other aspects, advantages, and alternatives
will become apparent to those of ordinary skill in the art by
reading the following detailed description with reference
where appropriate to the accompanying drawings. Further, it
should be understood that the description provided in this
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summary section and elsewhere in this document is intended
to illustrate the claimed subject matter by way of example and
not by way of limitation.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects and advantages of the invention
will become apparent and more readily appreciated from the
following description of the embodiments, taken in conjunc-
tion with the accompanying drawings of which:

FIG. 1 illustrates a cross section of a schematic configura-
tion of an image forming apparatus according to a first
embodiment of the disclosure;

FIG. 2 illustrates an enlarged image forming unit and a
cleaning apparatus at a side of the image forming unit accord-
ing to the first embodiment;

FIG. 3 illustrates a configuration of a control system
according to the first embodiment;

FIG. 4 illustrates a procedure of a photoreceptor refresh
control by a controller according to the first embodiment; and

FIGS. 5A and 5B illustrate a procedure of a photoreceptor
refresh control by a controller according to a second embodi-
ment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Example apparatuses are described herein. Other example
embodiments or features may further be utilized, and other
changes may be made, without departing from the spirit or
scope of the subject matter presented herein. In the following
detailed description, reference is made to the accompanying
drawings, which form a part thereof.

The example embodiments described herein are not meant
to be limiting. It will be readily understood that the aspects of
the present disclosure, as generally described herein, and
illustrated in the drawings, can be arranged, substituted, com-
bined, separated, and designed in a wide variety of different
configurations, all of which are explicitly contemplated
herein.

First Embodiment

The following describes the first embodiment of the dis-
closure in detail based on the accompanying drawings. The
disclosure should not be limited to the following embodi-
ments.

Overall Configuration

FIG. 1 illustrates an image forming apparatus 1 according
to a first embodiment. This image forming apparatus 1 is a
color printer of a tandem engine. The image forming appara-
tus 1 includes an intermediate transfer belt 7, primary transfer
units 8a to 84, a secondary transfer unit 9, a fixing unit 11, a
light scanning device 15, four image forming units 164 to
164, and first to fourth paper sheet conveyors 21 to 24.

The image forming apparatus 1 includes a sheet feed cas-
sette 3 at a lower portion inside of a main body 2. The sheet
feed cassette 3 internally loads and houses paper sheets (not
illustrated) such as a cut paper before printing. This paper
sheets are separated one by one and sent out to a left upper
side of the sheet feed cassette 3 in FIG. 1.

The first paper sheet conveyor 21 is located at a side of the
sheet feed cassette 3. The first paper sheet conveyor 21 is
arranged along a left side surface of the main body 2. The first
paper sheet conveyor 21 receives the paper sheet sent out from
the sheet feed cassette 3, and then conveys the paper sheet to
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the secondary transfer unit 9, which is located upward, along
the left side surface of the main body 2.

A manual paper feed tray 5 is located at a right side of the
sheet feed cassette 3. At the manual paper feed tray 5, a paper
sheet with a size that cannot be housed in the sheet feed
cassette 3, a cardboard, an OHP sheet, or a similar sheet is
placed. At the left side of the manual paper feed tray 5, the
second paper sheet conveyor 22 is located. The second paper
sheet conveyor 22 approximately horizontally extends from
the manual paper feed tray 5 to the first paper sheet conveyor
21, and then connects to the first paper sheet conveyor 21. The
second paper sheet conveyor 22 receives the paper sheet or a
similar sheet sent out from the manual paper feed tray 5 and
conveys the paper sheet or a similar sheet to the first paper
sheet conveyor 21.

The light scanning device 15 is arranged above the second
paper sheet conveyor 22. Here, the image forming apparatus
1 receives image data transmitted from the outside. A tempo-
rary storage unit 65 (see FIG. 3) stores this image data, and
then the image data is transmitted to the light scanning device
15 as necessary. The light scanning device 15 irradiates laser
beam controlled based on the image data to the photoreceptor
drums 10a to 104 of the image forming units 164 to 164.

The image forming units 16a to 164 are located at an upper
side of the light scanning device 15. The image forming units
164 to 164 include photoreceptor drums 10a to 104, respec-
tively. The photoreceptor drums 10« to 104 include chargers
20a to 20d, developing apparatuses 30a to 30d, and cleaning
apparatuses 40a to 40d, respectively. The cleaning appara-
tuses 40a to 40d are located to clean the circumference sur-
faces of the photoreceptor drums 10a to 104, respectively.

The endless intermediate transfer belt 7 is located at the
upper side of the respective image forming units 164 to 164.
The intermediate transfer belt 7 is wound and hung around a
plurality of rollers and is rotatably driven by a driving device
(not illustrated).

The four image forming units 164 to 16d are arranged in a
row along the intermediate transfer belt 7 as illustrated in F1G.
1. The image forming units 164 to 164 form toner images of
yellow, magenta, cyan, or black, respectively. That is, the
respective image forming units 164 to 164 form electrostatic
latent images of document images with the laser beam irra-
diated by the light scanning device 15. Developing the elec-
trostatic latent images forms the toner images with respective
colors. The details of the image forming units 16a to 164 will
be described later.

The primary transfer units 8a to 84 are arranged at the
upper side of the respective image forming units 164 to 164.
The primary transfer units 8a to 84 include primary transfer
rollers 80a to 804, respectively. The primary transfer rollers
80a to 80d primarily transfer the toner images formed by the
image forming units 16a to 16d to the surface of the interme-
diate transfer belt 7. A transfer bias power source 603 applies
a transfer bias to the primary transfer rollers 80a to 80d. The
transfer bias applied to the primary transfer rollers 80a to 804
transfers the toner images of the respective image forming
units 16a to 164 to the intermediate transfer belt 7 at a pre-
determined timing. Thus, color toner images where the toner
images with four colors, yellow, magenta, cyan, and black are
superimposed are formed on the surface of the intermediate
transfer belt 7.

The secondary transfer unit 9 includes a secondary transfer
roller 18 arranged at the left side of the intermediate transfer
belt 7. The transfer bias power source 603 applies the transfer
bias to the secondary transfer roller 18. The secondary trans-
fer roller 18 sandwiches a paper sheet P with the intermediate
transfer belt 7. Thus, the transfer bias applied to the secondary
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transfer roller 18 transfers the toner image on the intermediate
transfer belt 7 to the paper sheet P.

The fixing unit 11 is located at the upper side of the sec-
ondary transfer unit 9. The third paper sheet conveyor 23 is
formed between the secondary transfer unit 9 and the fixing
unit 11. The third paper sheet conveyor 23 conveys the paper
sheet P on which the toner image is secondarily transferred to
the fixing unit 11.

The fixing unit 11 includes a heating roller 182 and a
pressure roller 181 that each rotate. Then, the fixing unit 11
sandwiches the paper sheet P with the heating roller 182 and
the pressure roller 181 to heat and pressurize the toner image
transferred on the paper sheet P so as to fix the toner image on
the paper sheet P.

A branch unit 27 is located at the upper side of the fixing
unit 11. When duplex printing is not performed, the paper
sheet P discharged from the fixing unit 11 is discharged from
the branch unit 27 to a paper sheet discharge unit 28 formed at
the top of the image forming apparatus 1.

A discharge port part from which the paper sheet P is
discharged from the branch unit 27 to the paper sheet dis-
charge unit 28 functions as a switchback portion 29. For
duplex printing, the conveyance direction of the paper sheet P
discharged from the fixing unit 11 is switched at the switch-
back portion 29.

Image Forming Unit

FIG. 2 illustrates an enlarged portion near the image form-
ing unit 164. The configurations of the respective image form-
ing units 16a to 164 are basically similar, and therefore the
descriptions of the other three image forming units 16a to 16¢
will not be further elaborated here. The image forming unit
16d includes the photoreceptor drum 104, the charger 20d, the
developing apparatus 30d, and the cleaning apparatus 40d.

The photoreceptor drum 10d has a cylindrical shape. A
photosensitive layer made of an a-Si material is formed across
the whole outer circumference surface of the photoreceptor
drum 104. A shaft member (not illustrated) that passes
through its shaft center portion rotatably supports the photo-
receptor drum 10d.

The charger 204 is arranged at the lower side of the pho-
toreceptor drum 10d. The charger 204 includes a charging
roller 201 and a charge cleaning roller 202. The charging
roller 201 is slidably in contact with the photoreceptor drum
104 and applies a charging bias to the circumference surface
of the photoreceptor drum 10d. The charge cleaning roller
202 cleans the charging roller 201. The charging roller 201 is
connected to a charging bias power source 602 (see FIG. 3).
The charger 20d applies the charging bias to the photorecep-
tor drum 104 via the charging roller 201, thus the circumfer-
ence surface of the photoreceptor drum 104 is charged to a
predetermined electric potential. With this state, the light
scanning device 15 irradiates the laser beam on the circum-
ference surface of the photoreceptor drum 104, thus the elec-
trostatic latent image is formed.

The developing apparatus 304 is arranged at the lateral side
of'the photoreceptor drum 10d. The developing apparatus 304
includes two toner conveyance screws 31, a magnetic roller
32, and a developing roller 33. The developing roller 33 is
connected to a developing bias power source 601 (see FIG. 3).
The developing apparatus 304 forms a thin toner layer at the
developing roller 33 using a magnetic brush that stands at the
surface of the magnetic roller 32. Additionally, the develop-
ing apparatus 304 applies a developing bias with the same
polarity (positive) as the polarity of the toner to the develop-
ing roller 33 so as to transfer the toner to the circumference
surface of the drum. When this transferred toner adheres to
the electrostatic latent image formed at the circumference
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surface of the photoreceptor drum 104, the electrostatic latent
image is developed and the toner image is formed at the drum
circumference surface.

Cleaning Apparatus

The following describes the cleaning apparatus 404 with
reference to FIG. 2. The configurations of the respective
cleaning apparatuses 40a to 40d are basically similar, and
therefore the descriptions of the other three cleaning appara-
tuses 40a to 40c will not be further elaborated here.

The cleaning apparatus 40d is arranged at a side opposite to
the developing apparatus 304 side of the photoreceptor drum
10d. The cleaning apparatus 404 includes a rubbing roller 41,
a cleaning blade 42, a recovery screw 43, and a cleaning case
44.

The rubbing roller 41 is brought into pressure contact with
the photoreceptor drum 104 at a predetermined pressure. A
driving unit (not illustrated) rotates the rubbing roller 41 in
the same direction as the photoreceptor drum 104 at the
portion contacting the photoreceptor drum 10d. Thus, using
the polishing-agent contained in the toner, the rubbing roller
41 functions as a polishing member to polish the circumfer-
ence surface of the photoreceptor drum 10d.

The cleaning blade 42 is in abutting contact with the cir-
cumference surface of the photoreceptor drum 104 at the
downstream in a rotation direction with respect to the portion
at which the rubbing roller 41 is in contact with the circum-
ference surface of the photoreceptor drum 104d. The cleaning
blade 42 scrapes off the toner adhered to the circumference
surface of the photoreceptor drum 104 so as to drop the toner
in the cleaning case 44. The remaining toner removed from
the circumference surface of the photoreceptor drum 104 by
the cleaning blade 42 is discharged to the outside of the
cleaning apparatus 404 in association with the rotation of the
recovery screw 43. A neutralization lamp (not illustrated) is
arranged between the cleaning apparatus 404 and the charger
20d. The neutralization lamp irradiates light on the circum-
ference surface of the photoreceptor drum 104 to remove a
residual charge on the circumference surface of the photore-
ceptor drum 10d.

Configuration of Control System

The following describes a configuration of a control system
of the image forming apparatus 1 with reference to FIG. 3.
The image forming apparatus 1 includes a controller 100 for
controlling the entire operation of the image forming appa-
ratus 1. The controller 100 is constituted of a microcomputer
thatincludes a CPU, aRAM, a ROM, or a similar component.
The controller 100 controls devices and control components
inside of the image forming apparatus 1 based on input sig-
nals input from an image input unit 61, an operation unit 62,
a toner remaining amount detecting sensor 63, a counter 64,
the temporary storage unit 65, or a similar unit. The devices
and the control components include the above-described light
scanning device 15, developing apparatuses 30a to 304, pho-
toreceptor drums 10a to 10d, chargers 20a to 204, cleaning
apparatuses 40a to 40d, primary transfer rollers 80a to 804,
and secondary transfer roller 18, a bias power source 60, or a
similar device or a component. The bias power source 60
includes the developing bias power source 601, the charging
bias power source 602, and the transfer bias power source
603.

The image input unit 61 receives image data transmitted
from an external terminal such as a personal computer and
outputs the image data to the controller 100.

The operation unit 62 includes, for example, a touch panel
liquid crystal display and a numeric keypad. The operation of
the operation unit 62 by auser ensures various settings such as
the number of printed sheets and execution of a print start
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instruction. The operation unit 62 outputs an operation by the
user as an operation signal to the controller 100.

The toner remaining amount detecting sensor 63 detects a
toner remaining amount in the respective developing appara-
tuses 30a to 30d. The counter 64 integrates and counts the
number of printed sheets. The counter 64 needs not to be
separately located but, for example, the RAM may store the
number of printed sheets. The temporary storage unit 65
temporarily stores the image data or similar data.

The controller 100 runs a control program stored in a ROM
(not illustrated) to perform an image forming control, a pho-
toreceptor refresh control, and a development refresh control.
Among the three controls, the photoreceptor refresh control
and the development refresh control are performed while the
image forming control is not performed (while an image is not
formed).

The image forming control conveys the paper sheet using
the paper sheet conveyors 21 to 24 and prints the image on the
paper sheet by the image forming units 16a to 164, the pri-
mary transfer units 8a to 84, the secondary transfer unit 9, and
the fixing unit 11, which are located on the conveying path.

The development refresh control is a control to forcibly
discharge deteriorated toner in the developing apparatuses
30a to 30d. The development refresh control first detects
toner-deteriorated developing apparatus where a proportion
of the deteriorated toner is equal to or more than a predeter-
mined proportion among the four developing apparatuses 30a
to 30d. Here, the toner is deteriorated due to, for example,
stress acting on the toner by the toner conveyance screw 31.
Accordingly, for example, if images are continuously formed
at a low printing rate, despite that a consumption quantity of
the toner is little, the stress acts on the toner from the toner
conveyance screw 31. As a result, the proportion of the dete-
riorated toner increases. Therefore, this embodiment detects a
developing apparatus provided with the image forming unit
with an average printing rate of, forexample, 1% orless as the
toner-deteriorated developing apparatus. Then, the develop-
ment refresh control applies the developing bias with the
same polarity (positive) as the polarity of the toner to the
developing roller 33 of the detected toner-deteriorated devel-
oping apparatus, so as to discharge the toner in the toner-
deteriorated developing apparatus to the circumference sur-
face of the photoreceptor drum corresponding to each
developing apparatus.

In calculation of the average printing rate, first, based on
the image data in the temporary storage unit 65, the printing
rate of every image (proportion of a dot relative to the total
pixels) bn is calculated. Next, the printing rate bn is integrated
to calculate an integrated printing rate Xbn. Then, the inte-
grated printing rate Zbn is divided into the number of printed
sheets A counted by the counter 64, thus an average printing
rate Zbn/A (%) is calculated.

The photoreceptor refresh control is a control for removing
a foreign object such as corona products adhered to the cir-
cumference surfaces of the photoreceptor drums 104 to 104.
These corona products are an ion-yielding material such as
NOx and Sox generated by decomposition of a constituent in
the air by an ozone generated during discharge by the charg-
ers 20a to 204d. Since this ion-yielding material is a water-
soluble, when the ion-yielding material adheres to the cir-
cumference surfaces of the photoreceptor drums 104 to 104,
the ion-yielding material takes in water vapor in the atmo-
sphere and reduces the surface resistance. Consequently, the
electric potential at an edge portion of the electrostatic latent
image formed at the circumference surfaces of the photore-
ceptor drums 10a to 10d flows transversely, causing a prob-
lem of a deterioration of image quality of printed images. To
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prevent this problem, the photoreceptor refresh control pol-
ishes the circumference surfaces of the photoreceptor drums
10a to 104 with the rubbing roller 41 using the polishing-
agent contained in the toner discharged from the developing
apparatuses 30a to 30d, thus shaving off the corona products
adhered to the circumference surfaces.

The following specifically describes the photoreceptor
refresh control by the controller 100 with reference to F1G. 4.

Step SA1 determines whether a deteriorated photoreceptor
drum requiring polishing by the rubbing roller 41 among the
four photoreceptor drums 10a to 104 is detected or not. Spe-
cifically, based on signals from driving motors of the photo-
receptor drums 10a to 10d, the number of usages of the
respective photoreceptor drums 10a to 104 from the execu-
tion of the previous drum refresh control up to the present is
calculated. A photoreceptor drum whose number of usages
exceeds this threshold is detected as a deteriorated photore-
ceptor drum. When the deteriorated photoreceptor drum is
not detected (when the determination at this Step SA1 is NO),
the process returns. On the other hand, when the deteriorated
photoreceptor drum is detected (when the determination at
this Step SA1 is YES), the process proceeds to Step SA2.

Step SA2 determines whether the toner-deteriorated devel-
oping apparatus is detected or not. When this determination is
NO, the process proceeds to Step SA8. On the other hand,
when this determination is YES, the process proceeds to Step
SA3. The toner-deteriorated developing apparatuses 30a to
304 is simply detected based on the average printing rates of
the respective image forming units 16a to 164 as described
above.

Step SA3 determines whether the toner-deteriorated devel-
oping apparatus that performs the development refresh and
the developing apparatus corresponding to the deteriorated
photoreceptor drum are diftferent or not. When this determi-
nation is NO, the process proceeds to Step SA7. On the other
hand, when this determination is YES, the process proceeds to
Step SA4.

Step SA4 is the case where the toner-deteriorated develop-
ing apparatus, which performs the development refresh, dif-
fers from the developing apparatus corresponding to the dete-
riorated photoreceptor drum. At Step SA4, execution of the
development refresh control discharges the toner from the
toner-deteriorated developing apparatus to cause the toner to
adhere to the circumference surface of the photoreceptor
drum corresponding to the developing apparatus. Then, the
transfer bias with the same polarity as the polarity during the
image formation is applied to the primary transfer roller,
which is at the upper side of the image forming unit at which
the toner-deteriorated developing apparatus is located. Thus,
the deteriorated toner at the circumference surface of the
photoreceptor drum is transferred to the intermediate transfer
belt 7.

At Step SAS, when the deteriorated toner on the interme-
diate transfer belt 7 reaches the circumference surface of the
deteriorated photoreceptor drum, the transfer bias with the
reversed polarity to the polarity during the image formation is
applied to the primary transfer roller, which is at the upper
side of the image forming unit at which the deteriorated
photoreceptor drum is located. Thus, the deteriorated toner on
the intermediate transfer belt 7 is transitioned to the circum-
ference surface of the deteriorated photoreceptor drum.

At Step SA6, driving the rubbing roller 41 of the cleaning
apparatus located corresponding to the deteriorated photore-
ceptor drum polishes the circumference surface of the dete-
riorated photoreceptor drum and returns to the process after a
lapse of certain time.
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At Step SA7, to which the process proceeds when the
determination at Step SA3 is NO, transfer of the toner from
the photoreceptor drums 10a to 104 to the intermediate trans-
fer belt 7 is inhibited. Specifically, for example, the transfer
bias is not to be applied to the primary transfer rollers 80a to
804 or a transfer bias with a reversed polarity to the polarity
during the image formation is applied to the primary transfer
rollers 80a to 80d. Thus, after inhibiting the transfer of the
toner to the intermediate transfer belt 7, the process proceeds
to Step SA6.

At Step SA8, to which the process proceeds when the
determination at Step SA2 is NO, as a value related to toner
consumption rates (amounts of toner consumption in a con-
stant period) of the respective developing apparatuses 30a to
304, the average printing rates of the respective image form-
ing units 16a to 164 are calculated (detected). The developing
apparatus 30a to 30d located at the image forming unit 16a to
164 with the smallest average printing rate is detected as the
low-operation developing apparatus 30a to 304 with the least
toner consumption rate. The toner is discharged from the
low-operation developing apparatuses 30a to 30d, and the
process proceeds to Step SA3 after the elapse of certain time.

As described above, according to the first embodiment,
when the toner-deteriorated developing apparatus is detected
in the execution of the photoreceptor refresh control (when
the determination at Step SA2 is YES), the controller 100
causes the toner to be discharged from the toner-deteriorated
developing apparatus by execution of the development
refresh control. Using the polishing-agent contained in the
toner, the circumference surface of the deteriorated photore-
ceptor drum is polished with the rubbing roller 41 of the
cleaning apparatus located corresponding to the deteriorated
photoreceptor drum.

With this configuration, the execution of the development
refresh control ensures polishing the deteriorated photorecep-
tor drum using the toner discharged from the toner-deterio-
rated developing apparatus. Here, a proportion of the deterio-
rated toner of the toner discharged from the toner-deteriorated
developing apparatus exceeds a predetermined proportion.
Accordingly, using the toner thus containing much deterio-
rated toner for polishing the deteriorated photoreceptor drum
ensures reducing wasteful consumption of excellent toner.

With the first embodiment, when the controller 100 does
not detect the toner-deteriorated developing apparatus in the
execution of the photoreceptor refresh control (when the
determination at Step SA2 is NO), the controller 100 calcu-
lates (detects) the average printing rates of the respective
image forming units 16a to 164 as values related to the toner
consumption rates of the respective developing apparatuses
30ato 304. Additionally, the controller 100 detects the devel-
oping apparatus located at the image forming unit with the
smallest calculated average printing rate as the low-operation
developing apparatus with the smallest toner consumption
rate, and causes the toner to be discharged from the low-
operation developing apparatus (Step SA8). Using the pol-
ishing-agent contained in the toner discharged from the low-
operation developing apparatus, the controller 100 causes the
circumference surface of the deteriorated photoreceptor drum
to be polished with the rubbing roller 41 of the cleaning
apparatus located corresponding to the deteriorated photore-
ceptor drum.

When polishing the deteriorated photoreceptor drum, this
configuration ensures reducing wasteful consumption of
toner in the developing apparatus of high toner consumption
rate (that is, the highly frequently used toner). Furthermore, a
frequency of exchanging toner can be reduced.
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Further, with the first embodiment, when the developing
apparatus located corresponding to the deteriorated photore-
ceptor drum and the developing apparatus that discharges the
toner differ in execution of the photoreceptor refresh control
(when the determination at Step SA3 is YES), the controller
100 transfers the toner, which is discharged from the devel-
oping apparatus and adheres to the circumference surface of
the photoreceptor drum corresponding to the developing
apparatus, to the intermediate transter belt 7 with the primary
transfer roller (Step SA4). Then, the controller 100 moves the
toner from the intermediate transfer belt 7 to the circumfer-
ence surface of the deteriorated photoreceptor drum (Step
SAS). Using the polishing-agent contained in the toner, the
controller 100 causes the rubbing roller 41, which is located
corresponding to the deteriorated photoreceptor drum, pol-
ishes the circumference surface of the deteriorated photore-
ceptor drum (Step SA6).

With this configuration, even if the developing apparatus
located corresponding to the deteriorated photoreceptor drum
and the developing apparatus that causes the toner to be
discharged differ, the toner can be reliably supplied to the
deteriorated photoreceptor drum via the intermediate transfer
belt 7.

Second Embodiment

FIGS. SA and 5B illustrate the second embodiment. The
second embodiment differs from the above-described
embodiment in content of the photoreceptor refresh control
by the controller 100. The configuration of the hardware is
similar to the above-described embodiment, and therefore the
description will not be further elaborated here.

With reference to FIGS. 5A and 5B, the following specifi-
cally describes the photoreceptor refresh control according to
the second embodiment.

The processes of Steps SB1 to SB7 (not illustrated) are
similar to the processes of Steps SA1 to SA7, and therefore
the description will not be further elaborated here.

Step B8, to which the process proceeds when the determi-
nation of Step SB2 is NO, calculates (detects) the toner
remaining amounts in the respective developing apparatuses
30a to 30d based on detection signals from the toner remain-
ing amount detecting sensor 63.

Step SB9 detects the developing apparatus with the largest
toner remaining amount as the low-operation developing
apparatus based on the calculation result in Step SB8. The
toner is discharged from the low-operation developing appa-
ratus, and the process proceeds to Step SB3 after the elapse of
certain time.

Thus, with the second embodiment, when the controller
100 does not detect the toner-deteriorated developing appa-
ratus (when the determination at Step SB2 is NO), the con-
troller 100 detects the developing apparatus with the smallest
toner remaining amount as the low-operation developing
apparatus, and causes the toner to be discharged from the
low-operation developing apparatus (Step SB9). Then, using
the polishing-agent contained in the toner, the controller 100
causes the rubbing roller 41 located corresponding to the
deteriorated photoreceptor drum to polish the circumference
surface of the deteriorated photoreceptor drum (Step SB6).

With this configuration, the actions and effects similar to
the first embodiment can be obtained. Since the toner remain-
ing amount detecting sensor 63 is used, similarly to the first
embodiment, this eliminates the need for calculating the aver-
age printing rates to detect the low-operation developing
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apparatus. Accordingly, an operation load taken for the con-
troller 100 can be reduced more than the first embodiment.

Other Embodiments

The above-described respective embodiments may have
the following configuration. That is, when the toner amount
required for refreshing the deteriorated photoreceptor drum is
more than the toner amount discharged from the toner-dete-
riorated developing apparatus by execution of the develop-
ment refresh control, after the toner in the toner-deteriorated
developing apparatus is all discharged, it is only necessary to
discharge insufficient toner from another developing appara-
tus. The other developing apparatus is preferred to be a devel-
oping apparatus located at an image forming unit with the
smallest average printing rate or a developing apparatus with
the largest toner remaining amount. This preferentially uses
the deteriorated toner and ensures reducing the toner con-
sumption used in high frequency while reducing the wasteful
consumption of excellent toner. Furthermore, a frequency of
exchanging toner can be reduced.

In the above-described respective embodiments, to detect
the deteriorated photoreceptor drum (to perform the pro-
cesses at Step SA1 and Step SB1), the environmental tem-
perature and the environment humidity may be taken into
consideration. The user may input the deteriorated photore-
ceptor drum specified based on test printing or similar print-
ing from the operation unit 62. In this case, the operation unit
62 and the controller 100 constitute a photoreceptor refresh
unit.

In the above-described respective embodiments, instead of
the processes at Step SA2 and Step SB2, the user may input
the toner-deteriorated developing apparatus specified based
on test printing or similar printing from the operation unit 62.
In this case, the operation unit 62 and the controller 100
constitute a development refresh unit.

In the above-described respective embodiments, an elec-
trophotographic system printer is described as the exemplary
image forming apparatus 1; however, the image forming
apparatus 1 according to the disclosure should not be con-
structed in a limiting sense. For example, the image forming
apparatus 1 may be another image forming apparatus such as
a copier, a scanner device, or a multi-functional peripheral.

As described above, the disclosure is effective to image
forming apparatuses, particularly effective to image forming
apparatuses of tandem engine with a plurality of photorecep-
tor drums.

While various aspects and embodiments have been dis-
closed herein, other aspects and embodiments will be appar-
ent to those skilled in the art. The various aspects and embodi-
ments disclosed herein are for purposes of illustration and are
not intended to be limiting, with the true scope and spirit
being indicated by the following claims.

What is claimed is:

1. An image forming apparatus, comprising:

a plurality of photoreceptor drums each having a circum-
ferential surface for a formation of an electrostatic latent
image;

aplurality of developing devices respectively provided for
each of the plurality of photoreceptor drums, the plural-
ity of developing devices being configured to cause
toner containing polishing-agent to adhere to the cir-
cumferential surfaces of the photoreceptor drums to
form toner images corresponding to the electrostatic
latent images;

a plurality of polishing members respectively provided for
each of the plurality of photoreceptor drums, the plural-
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ity of polishing members being configured to polish the
circumferential surfaces of the photoreceptor drums
using the polishing-agent contained in the toner;

an endless intermediate transfer component onto which the
toner images on the circumferential surfaces of the pho-
toreceptor drums are transferred;

a primary transfer unit configured to transfer the toner
images on the circumferential surfaces of the photore-
ceptor drums onto the intermediate transfer component;

a secondary transfer unit configured to transfer onto a
recording medium the toner images transferred onto the
intermediate transfer component;

a development refresh unit configured to detect, among the
plurality of developing devices, a toner-deteriorated
developing device in which deteriorated toner exceeds a
predetermined proportion, and being configured to per-
form a development-refresh control process whereby
toner from the detected toner-deteriorated developing
device is discharged and the discharged toner is passed
onto the circumferential surface of the photoreceptor
drum corresponding to the toner-deteriorated develop-
ing device;

a photoreceptor refresh unit configured to detect, among
the plurality of photoreceptor drums, a deteriorated pho-
toreceptor drum requiring polishing by the polishing
member, and being configured to perform a photorecep-
tor-refresh control process whereby the circumferential
surface of the detected deteriorated photoreceptor drum
is polished by the polishing member provided for the
deteriorated photoreceptor drum; and

a developing device detecting unit configured to detect a
value related to toner consumption rate of each of the
plurality of developing devices, and being configured to
detect a developing device with the smallest toner con-
sumption rate as an under-performing developing
device, based on the detected value,

wherein the development refresh unit is configured to
detect the developing device provided for an image
forming unit whose average printing rate is equal to or
less than a predetermined rate, as the toner-deteriorated
developing device in which the deteriorated toner
exceeds a predetermined rate;

wherein the photoreceptor refresh unit is configured such
that, if the development refresh unit does not detect a
toner-deteriorated developing device:
the under-performing developing device detected by the

developing device detecting unit is caused to dis-
charge toner, and
the circumferential surface of the deteriorated photore-
ceptor drum is polished using the polishing-agent
contained in the toner, by the polishing member pro-
vided for the deteriorated photoreceptor drum;
wherein the photoreceptor refresh unit is configured such
that, in executing the photoreceptor refresh control pro-
cess, and the photoreceptor refresh unit determines
whether the toner-deteriorated developing apparatus
that performs the development refresh and the develop-
ing apparatus corresponding to the deteriorated photo-
receptor drum are different or not, if the developing
device provided for a deteriorated photoreceptor drum
differs from the developing device from which toner is
discharged:
the primary transfer unit is caused to transfer onto the
intermediate transfer component toner discharged
from the developing device and adhering to the cir-
cumferential surface of the photoreceptor drum cor-
responding to the developing device;
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subsequently the toner is passed from the intermediate
transfer component onto the circumferential surface
of the deteriorated photoreceptor drum, and

subsequently the circumferential surface of the deterio-
rated photoreceptor drum is polished using the pol-
ishing-agent contained in the toner, by the polishing
member provided for the deteriorated photoreceptor
drum, and

wherein the plurality of polishing members are rubbing
rollers mounted to cleaning units.

2. An image forming apparatus, comprising:

a plurality of photoreceptor drums each having a circum-
ferential surface for a formation of an electrostatic latent
image;

aplurality of developing devices respectively provided for
each of the plurality of photoreceptor drums, the plural-
ity of developing devices being configured to cause
toner containing polishing-agent to adhere to the cir-
cumferential surfaces of the photoreceptor drums to
form toner images corresponding to the electrostatic
latent images;

a plurality of polishing members respectively provided for
each of the plurality of photoreceptor drums, the plural-
ity of polishing members being configured to polish the
circumferential surfaces of the photoreceptor drums
using the polishing-agent contained in the toner;

an endless intermediate transfer component onto which the
toner images on the circumferential surfaces of the pho-
toreceptor drums are transferred;

a primary transfer unit configured to transfer the toner
images on the circumferential surfaces of the photore-
ceptor drums onto the intermediate transfer component;

a secondary transfer unit configured to transfer onto a
recording medium the toner images transferred onto the
intermediate transfer component;

a development refresh unit configured to detect, among the
plurality of developing devices, a toner-deteriorated
developing device in which deteriorated toner exceeds a
predetermined proportion, and being configured to per-
form a development-refresh control process whereby
toner from the detected toner-deteriorated developing
device is discharged and the discharged toner is passed
onto the circumferential surface of the photoreceptor
drum corresponding to the toner-deteriorated develop-
ing device;

a photoreceptor refresh unit configured to detect, among
the plurality of photoreceptor drums, a deteriorated pho-
toreceptor drum requiring polishing by the polishing
member, and being configured to perform a photorecep-
tor-refresh control process whereby the circumferential
surface of the detected deteriorated photoreceptor drum
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is polished by the polishing member provided for the
deteriorated photoreceptor drum;
a toner remaining amount detecting unit configured to
detect remaining amount of toner in each of the devel-
oping devices; and
a developing device detecting unit configured to detect a
developing device with the largest toner remaining
amount detected by the toner remaining amount detect-
ing unit as an under-performing developing device,
wherein the development refresh unit is configured to
detect the developing device provided for an image
forming unit whose average printing rate is equal to or
less than a predetermined rate, as the toner-deteriorated
developing device in which the deteriorated toner
exceeds a predetermined rate;
wherein the photoreceptor refresh unit is configured to, if
the development refresh unit does not detect a toner-
deteriorated developing device,
cause the under-performing developing device detected
by the developing device detecting unit to discharge
toner; and

using the polishing-agent contained in the toner, polish
the circumferential surface of the deteriorated photo-
receptor drum, with the polishing member provided
for the deteriorated photoreceptor drum;
wherein the photoreceptor refresh unit is configured such
that, in executing the photoreceptor refresh control pro-
cess, the photoreceptor refresh unit determines whether
the toner-deteriorated developing apparatus that per-
forms the development refresh and the developing appa-
ratus corresponding to the deteriorated photoreceptor
drum are different or not, if the developing device pro-
vided for a deteriorated photoreceptor drum differs from
the developing device from which toner is discharged:
the primary transfer unit is caused to transfer onto the
intermediate transfer component toner discharged
from the developing device and adhering to the cir-
cumferential surface of the photoreceptor drum cor-
responding to the developing device;

subsequently the toner is passed from the intermediate
transfer component onto the circumferential surface
of the deteriorated photoreceptor drum, and

subsequently the circumferential surface of the deterio-
rated photoreceptor drum is polished using the pol-
ishing-agent contained in the toner, by the polishing
member provided for the deteriorated photoreceptor
drum, and

wherein the plurality of polishing members are rubbing
rollers mounted to cleaning units.
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